Background: Radiotherapy is commonly used as a first-line treatment for localized ocular adnexal extranodal marginal zone B-cell lymphoma (EMZBL), despite its ophthalmologic complications. This study was undertaken to analyze the efficacy of first-line chemotherapy in treating EMZBL. Chemotherapy was followed by radiotherapy only in recurrent cases.
introduction
An extranodal presentation occurs in about 40% of nonHodgkin's lymphoma (NHL) patients. In 5%-14% of these cases, the presentation occurs in the orbit [1] . Ocular adnexal lymphomas (OALs) are present as slowly enlarging lesions arising from the eyelid, orbit, lachrymal gland or conjunctiva. OALs are generally painless and do not compromise vision until they become large, when they can cause ptosis, proptosis, or diplopia [1, 2] . Diagnosis is made by orbital biopsy, in which a small amount of tissue is removed. Due to the difficulty of morphological classification, immunohistochemistry has become an essential approach to an accurate diagnosis. Most OAL patients are classified as having indolent NHLs. Indolent NHLs include extranodal marginal zone B-cell lymphoma (EMZBL) of the mucosa associated lymphoid tissue (MALT; the most common subtype) and follicular or small lymphocytic lymphoma. On the other hand, diffuse large B-cell lymphoma (DLCL) makes up a considerable portion of aggressive OALs [1] . Low-grade OAL carries a better prognosis than high-grade one.
When confined to the orbit, indolent NHL can most often be cured with radiotherapy. Radiotherapy confers a high rate of local control with long-term efficacy [3, 4] . However, radiotherapy commonly leads to acute ophthalmologic toxic effects, such as moderate cutaneous or conjunctival reactions, as well as late complications such as constant cataract, xerophthalmia, rare ischemic retinopathy, glaucoma or corneal ulceration. In addition, disseminated relapses after radiotherapy have been reported in 17% of patients (range, 6%-50%) [4] .
Patients with disseminated or high-grade OAL usually receive single-agent or cytotoxic combination chemotherapy [4] . However, several chemotherapy trials have been restricted to only a small portion of low-grade OAL patients [4] [5] [6] . Accordingly, we sought to examine the efficacy of cyclophosphamide, vincristine, and prednisolone (CVP) combination therapy as a first-line treatment for localized ocular adnexal EMZBL. ) on days 1-10. Treatment cycles were repeated every 3 weeks in an outpatient clinic. All patients were scheduled to receive six cycles of CVP, assuming no disease progression or substantial toxicity. Patient who had suffered recurrence or progression after CVP required supplementary radiotherapy at a dose of 30 Gy.
patients and methods
After three and six cycles of CVP, all patients underwent disease reassessment by physical or ophthalmologic examination, along with a CT or MRI scan of the affected area. Response to CVP was assessed according to international workshop criteria [7] . Complete remission (CR) or CR-unconfirmed status was designated as a CR. Adverse events were graded using the National Cancer Institute-Common Toxicity Criteria (version 2.0).
Patients were reassessed after completion of CVP treatment every 3-4 months for 1 year, then biannually for 3 years, and then annually. Tests at follow-up visits included history, ophthalmologic/physical examinations, complete blood cell count, and lactate dehydrogenase (LDH) level. An additional CT/MRI scan of the orbit was carried out as appropriate.
statistical analysis
The study end point was the overall response rate after CVP in all patients or CVP followed by radiotherapy in recurrent cases. Other end points entailed adverse events and progression-free survival (PFS). PFS was measured from the start date of CVP to the date of disease progression, relapse, or last follow-up visit. PFS curve was obtained using Kaplan-Meier method [8] .
results patients
The clinical characteristics of the 21 patients are listed in Table 1 . Median age of our patients was 59 years with a male-female ratio of 2.5 : 1. Twelve (57.1%) of 21 patients presented with unilateral periorbital swelling, while the remaining patients had foreign body sense due to an orbital mass, proptosis, visual impairment, dryness, and exophthalmos. Primary sites of OAL were as follows: periorbital soft tissues (n = 8); conjunctiva (n = 6); eyelid (n = 5); lacrimal gland (n = 2). Only two patients had bilateral OAL (one in both eyelids; and the other in both lachrymal glands). These two patients were staged as Ann Arbor II E . No patients had B symptoms. Elevated LDH level was observed in only 1 (5.3%) of the 19 patients tested. All patients had good performance status (Eastern Cooperative Oncology Group 0, 20 patients; and 1, one patient). Hepatitis C virus (HCV) tests were negative in 11 tested patients.
treatment outcomes
Of the 21 patients initially treated with CVP, 16 (76.2%) and 5 (23.8%) patients achieved CR and partial remission (PR), respectively (overall response rate 100%). After a median follow-up of 58 months (range, 5-163 months), recurrence or disease progression was observed in 2 (12.5%) of the 16 CR patients and in 5 (100%) of the five PR patients. As shown in Table 2 , five of seven patients with relapse or progression received second-line radiotherapy. Each of these five patients achieved CR. However, two patients were lost to follow-up and received no additional therapy.
One patient, who had achieved CR after initial CVP, relapsed 160 months after CVP. The cancer had spread to the cervical and abdominal lymph nodes. At that time, his pathologic diagnosis from disseminated sites was DLCL subtype.
Except for two cases lost to follow-up, 19 patients treated with front-line CVP, or in combination with radiotherapy in (Figure 1 ). Median PFS in the relapse or progressive group was 29 months (range, 12-160 months). There was no connection between the site of involvement and treatment outcomes, including response to CVP, relapse or progression, and survival.
adverse events
Six cycles of CVP were administered without significant toxic effects, except in three cases. One patient in PR after three cycles of CVP progressed, one in PR was lost to follow-up after four cycles, and one in CR refused further chemotherapy after five cycles and eventually relapsed 22 months after CVP. As a result, patients received a mean of 5.7 cycles of CVP. Toxic effects associated with CVP treatment are briefly summarized in Table 3 . Hematologic toxicity occurred in 14 patients (mild to moderate neutropenia, n = 13; grade 1 anemia, n = 1). Nine (42.9%) of 21 patients developed grade 1 neutropenia. No cases developed a grade 3 or 4 adverse event, neutropenic fever, or thrombocytopenia. Furthermore, only two patients developed grade 1 non-hematologic toxic effects. One patient showed elevated alanine aminotransferase while another patient developed peripheral neuropathy. Late ophthalmologic complications in patients treated with additional radiotherapy included xerophthalmia (n = 2) and cataract (n = 1).
discussion
Our study indicates that front-line CVP treatment is effective and generally well tolerated. Most toxicity was found to be mild to moderately severe in patients with localized ocular adnexal EMZBL. In addition, radiotherapy can be reserved for recurrent or progressive disease. OAL is the most common primary orbital malignancy, accounting for up to 55% of orbital malignancies [2, 9, 10] . Although OAL primarily localizes to the orbit, a systemic staging work-up is necessary for OAL, since 15% of patients with localized disease had systemic involvements [2, 4] . Here, extra-orbital involvements were rarely observed at the time of diagnosis. OAL representing slowly enlarging lesions could debilitate visual acuity [4] . However, most of our patients presented with unilateral periorbital swelling, while only two original article Annals of Oncology patients had an impaired vision. Although a previous study has indicated a potential association between OAL of MALT type and HCV [11] , such a correlation was not confirmed in our series. Our patients had good performance status, normal LDH levels (except one case) and no B symptoms, consistent with previous findings [5, 10, 12, 13] . Although many studies have shown that OAL is more common in female patients [4, 6, 10, [13] [14] [15] [16] , we observed a male-female ratio of 2.5 : 1. This is consistent with studies of other Asian populations [3, 5, 12] . Further studies of the geographic variations in male:female OAL patient ratios are warranted.
Regarding prognostic factors, high-grade or disseminated OAL showed poor outcome [4, 10] . Because our patients presented with low-grade and localized OAL, clinical features should be investigated as a prognostic factor. Recent study has shown that lymphomas involving the lachrymal gland or eyelid have a higher risk of dissemination and lymphomarelated death, as compared with those involving conjunctiva or deep orbit. Additionally, bilateral orbital involvement, optic neuropathy, or pain was associated with an increased risk of tumor-related death [17] . However, we did not find any relationship between the site of involvement and treatment outcome in the present study.
In terms of treatment modality, radiotherapy has been widely adopted as an initial treatment for OAL of MALT type [4] . Radiation dose ranging from 28 to 36 Gy for indolent OAL or from 30 to 51 Gy for aggressive OAL has been typically given [3, 14, 18] at a recommended dose of 30 Gy for ocular adnexal EMZBL [12] [13] [14] . This is consistent with our study. Despite the prominent local control of tumor [10, [12] [13] [14] , radiotherapy had the disadvantages of ophthalmologic complications: skin irritation (78%) or mild conjunctivitis (16%) [12] ; lens toxicity (26%) [14] ; corneal complications (19%) [14] ; xerophthalmia (14%-35%) [10, 14, 15] ; retinal complications (4%) [12] ; and cataract (10%-53%) [10, [12] [13] [14] [15] . Moreover, frequent systemic relapse has been perplexing [4] . Consequently, alternative treatment modalities have been under consideration, including antibiotic therapy [16, 19, 20] , wait-and-see [21] , chemotherapy [6] , and rituximab [22, 23] .
Here, CVP alone showed a high response rate and favorable survival outcome, comparable to other studies [4, 10, 13, 15] . Furthermore, CVP was well tolerated, while additional radiotherapy provoked late ophthalmologic complications such as xerophthalmia and cataract. After CVP alone therapy, relapse most commonly occurred locally (five of seven relapse patients) and typically occurred within 43 months. Interestingly, one patient relapsed to systemic lymph nodes 160 months after CVP treatment. Considering frequent extranodal relapses in OAL [13] and the very late relapse in this patient, it was not clear whether systemic relapse was second de novo DLCL or transformed DLCL from low-grade OAL.
Although therapy-related myelodysplastic syndrome (t-MDS) or acute myeloid leukemia (AML) can occur after treatment of NHLs with alkylating agents [24, 25] , administration of cyclophosphamide was associated with a non-significant 1.8-fold risk of t-MDS/AML [25] . In addition, t-MDS/AML risk after high-dose chemotherapy followed by stem cell transplantation was significantly increased compared with conventional chemotherapy in indolent NHL [26] . The risk should be balanced with side-effects of other treatment options for the disease. Consequently, CVP alone may be substituted for radiotherapy as first-line treatment for OAL of MALT type.
Future efforts should be directed towards reducing failure rate by adding rituximab to CVP, because patients treated with rituximab and chlorambucil did not relapse, unlike those treated with rituximab alone [22, 23] . However, it takes a longer follow-up period to conclude the long-term efficacy of rituximab and chlorambucil. Recently, Chlamydia psittasi (Cp)-eradicating antibiotic therapy has shown slow and gradual response either in Cp-positive or in Cp-negative OAL, suggesting the possibility of disease control without complications [16, 19] . Contrarily, no effect of blind anti-Cp doxycycline has been found in a previous study, possibly due to a geographic difference in the role of Cp [20] . Considering the small sample size and short follow-up periods examined in the study, it is difficult to consider anti-Cp antibiotic therapy as a standard treatment for localized OAL at the present time [4, 16, 19, 20] .
Although local radiotherapy or single-agent chemotherapy has been usually administered, OAL has shown low dissemination (3%-7%) or transformation (0%-4%) [5, 6, 12, 13] . In our series, recurrent cases showed locoregional progression only and well managed with additional radiotherapy. Only one case showed high-grade lymphoma after 160 months in CR state. However, it was not clear whether it is de novo or transformed high-grade lymphoma. Based on these findings, first-line CVP combination chemotherapy, in conjunction with radiotherapy in recurrent cases, is effective and well tolerated in patients with localized ocular adnexal EMZBL. 
